Chia (Salvia hispanica L.) is an herbaceous plant that belongs to the Lamiaceae family. Seed vigor testing is an important component of quality control programs, and electrical conductivity test is a possible option in this process. The objective of this study was to identify a methodology of electrical conductivity test to stratify chia seed lots at vigor level according to the emergence of seedlings. Six lots of chia seeds were used in this study. The seeds were exposed to the following determinations: first germination count, germination, emergence speed index, emergence, aerial and root length, aerial and root dry matter, and electrical conductivity at 25, 50 and 75 mL during 1, 2, 4, 6, 8 and 24 hours of soaking in water. The electrical conductivity test in the combination of 25 seeds using 50 mL of water in 6-hour of soaking period, as well as the combination of 50 seeds using 50 mL of water for 24 hours of soaking, were efficient in the stratification of chia seeds in different levels of vigor.
Researchers have sought to adapt methodologies for the electrical conductivity test for different species (Cruz et al., 2013) . Depending on the species under study, there may be variation in the amount of seed used, volume of deionized water and seed imbibition time (Milani, Menezes, & Lopes, 2012) .
The objective of this study was to determine a methodology of electrical conductivity test that stratifies chia seed lots at vigor levels according to the emergence of seedlings.
Materials and Methods
The study was realized at Federal University of Pelotas, Faculty of Agronomy (FAEM/UFPEL) in the Laboratory of Seed Analysis and in the greenhouse. A total of six lots of untreated chia seeds were used, which were evaluated for the following determinations:
Water content-conducted according to RAS (Brazil, 2009) , by the greenhouse method at 105±3 °C, for 24 hours. The results were expressed as a percentage on a wet basis. The water content of the seeds when conducting the conductivity test is an extremely important factor in the standardization of the test methodology, as well as the possibility of obtaining uniform results between laboratories and inside a laboratory, when there is more than one person performing the test (Vieira & Krzyzanowski, 1999) .
Germination-200 seeds (four subsamples of 50 seeds) were used for each sample distributed evenly over two sheets of blotting paper inside gerbox-type plastic boxes. The seeds were moistened with water equivalent to 2.5 times their weight. The gerboxs were kept in germinator at 20 °C. Germination counts were performed at four and seven days (Adapted from Stefanello, Neves, Abbad, & Viana, 2015) . The results were expressed as mean percentage of normal seedlings for each lot.
First count of the germination-was carried out in conjunction with the germination test and the count was performed at four days.
Emergence of seedlings in greenhouse-four replicates of 50 seeds were used and distributed in plastic trays containing substrate. Irrigations were used whenever necessary to supply water for seed germination and emergence of seedlings. Trays were kept in greenhouse without control of temperature and relative humidity. Evaluation of number of emerged seedlings was performed on the fourteenth day after sowing.
Aerial and root length-four subsamples of 15 seeds were used in each sample. The seeds were sown in the upper third of the germitest paper and moistened with water equivalent to 2.5 times its dry mass. The seeds were kept in germinator at 25 °C (Nakagawa, 1999) . The measurement of 10 seedlings were performed on the tenth day after sowing using a millimeter ruler, the result was expressed in centimeters.
Aerial and root dry shoot biomass-10 normal seedlings obtained in the shoot length and root length were evaluated. Samples from each batch were separated into aerial part and root system, packed in identified paper bags and brought to the oven with air circulation at 65 °C for a period of 72 hours (Nakagawa, 1999) . After this period, each replicate had the mass weighed on a scale with an accuracy of 0.001 g. Theresults were expressed in milligrams per seedling.
Alternative Test for Physiological Quality Evaluation
Considering the routine organization of the activities of a seed analysis laboratory, the 24-hour imbibition period is recommended. However, it is important, in work with other species, considered small seeds, such as vegetables, the imbibition period may be less (Vieira & Krzyzanowski, 1999) . Thus, tests were carried out with different combinations of time, volume and quantity of seeds.
Electrical conductivity-four seed subsamples were used for each batch. The combination of imbibition periods (1, 2, 4, 6, 8 and 24 hours), deionized water volume (25, 50 and 75 mL) and number of seeds (25 and 50) at imbibition of 20 °C were used in this experiment. In order to have the blank reading for the water, an initial electrical conductivity content of the water was measured. The seed samples were weighed in a precision balance of 0.0001 g, to obtain the seed mass for each sample. After being weighed, the seeds were placed to soak in plastic cups containing deionized water in the pre-established volumes. The cups were kept in a germination room with controlled temperature of 20 °C. The electrical conductivity readings were performed using a device called conductivity meter (model Digimed DM-31). The readings were performed after each combinations of seed number and water volume. The result obtained in the conductivity minus the blank test was divided by the mass of each seed repetition, and expressed in μS cm -1 g 
Experimental Design
The experimental design was a completely randomized design with four replications. The Tukey test was performed with 5% probability of error and Pearson correlation analysis was performed to assess the correlation between seedling emergence and the different methodologies for electrical conductivity test.
Results and Discussion
Data on the water content of chia seeds were similar for the five batches with variations between 6.8% and 7.0% (Table 1 ). The water content data was not statistically analyzed and was used only for the initial characterization of chia seed lots.
In the germination test was not possible to verify differences between the lots evaluated (Table 1 ). In the first germination test, seed lots of chia did not differ for the different levels of vigor. However, the use of other tests were more sensitive and efficient in detecting the first signs of seed deterioration.
Seedling emergence results indicated a significant difference between the lots which allowed the classification of lots 3 and 6 as the ones with the greatest vigor with seedling emergence of 96%. Lots 1, 2, 4 and 5 had lower vigor with emergence of seedlings around 84% (Table 1) . Seedling emergence can be considered as the main reference for the stratification of seed lots at vigor levels, which can be understood by the amount of energy a seed has available for rapid and uniform germination with adequate establishment of seedlings under various environmental conditions (Souza, Villela, & Aumonde, 2013) .
Length of aerial part was possible to identify lot 6 as being the most vigorous when compared with the others lots in this study. In the other hand, the root length and dry shoot phytomass of aerial part showed similar distribution of chia lots, where lots 3 and 6 had superior quality. However, in the evaluation of root dry matter all lots showed similar results. Note. WC = water content; G = germination test; FGC = first germination count; SE = seedling emergence; SL = shoot length; RL = root length; DM = dry matter; RDM = root dry matter. Averages followed by the same letter in the column do not differ statistically by Tukey test at 5% probability. CV: coefficient of variation.
In Table 2 shows the results for 25 seeds in the treatments of 25, 50 and 75 mL during 1 hour of imbibition., There was not differences for the seed lots for the different vigor levels. This fact could be attributed to the relatively short period of time which was not enough for membrane organization and release of leachate. In a study with sesame seeds, Torres and Bezerra Neto (2009) found that for the various combinations, water volume/temperature/ imbibition period, generally indicated an increase in the amount of leached electrolytes in the range of 1 to 24 hours, as the imbibition period increased.
For the electrical conductivity test using 25 seeds and 25 mL of water volume for the seed imbibition there was no stratification of the lots (Table 2) . Regarding the vigor, similarly to the emergency test, by means of the test of electrical conductivity as clearly as observed in the combination of 25 seeds 50 mL -1 of distilled water for 6 hours of soaking.
A more precise analysis of seed quality requires a complementation of the information supplied by the germination with vigor tests to allow selection of the best lots for commercialization and sowing (Araujo et al., 2011 Note. Averages followed by the same letter in the column do not differ statistically by Tukey test at 5% probability. CV: coefficient of variation.
In the combination of 25 seeds 50 mL -1 of deionized water in the 6-hour periods as well as 50 seeds per 24 hours (Table 3) , we highlighted lots 3 and 6 as the most vigorous and lots 1, 2, 4 and 5 as vigor, according to the physiological characterization of the seed lots using the seedling emergence test (Table 1) .
During the imbibition process, seeds with low vigor require a greater amount of nutrients such as sugars, amino acids and fatty acids which are essential for the restoration of cell membranes and reactivation of metabolism. Thus, seeds with lower physiological potential tend to present higher leaching of inorganic ions and enzymes (Vanzolini & Nakagawa, 2005) .
For the combination of 25 seeds or 50 seeds using 75 mL of deionized water, it was not possible to stratify lots similar to the seedling emergence test.
According to the reduction of water volume in the electrical conductivity test, the number of seeds and the imbibition period were constant. Increase in leaching values was observed. These results are similar to those observed by Torres and Pereira (2010) in arugula seeds. The leachate values decreased as the water volume increased in the test a fact attributed to the dilution caused by the increase in the amount of water used to imbibe the seeds. Note. Averages followed by the same letter in the column do not differ statistically by Tukey test at 5% probability. CV: coefficient of variation.
The correlation results between electrical conductivity in combination of 25 seeds with 25 and 50 mL, and 50 seeds with 25 and 50 mL between most immersion periods and seedling emergence data indicated a significant correlation between the tests (Table 4 ).
The combination of 25 seeds 50 mL -1 for 6 hour imbibition period had significant correlation with seedling emergence test, this result agrees with the data in Table 3 . Thus, it was estimated that the electrical conductivity test can be used instead of emergence of field seedlings for chia seeds. The advantage of this test is that it can be carried out in a shorter period of time. This occurrence is in agreement with Torres, Paiva, Almeida, Benedito, and Carvalho (2015) when reporting that the electrical conductivity test showed a highly significant correlation with the seedling emergence test in the field for Coriandrum sativum L., Portuguese, Super Verdão, Tabocas and Verdão.
In the present study, the fact that there are reduced and non-significant correlation coefficients between the different electrical conductivity and seedling emergence tests does not lead to the discarding of this test for future works on chia seeds. ns not significant, ** significant at 1% and * significant at 5% probability.
In a general analysis of the results, the combination with 25 seeds with 50 mL of water at 20 °C for 6 hours and the combination of 50 seeds with 50 mL of water at 20 °C for 24 hours were adequate to conduct the conductivity test in chia seeds. In a study with canola seeds, Milani, Menezes, and Lopes (2012) , verified that the electrical conductivity test was efficient to evaluate the physiological potential of canola seeds, under the combination of 50 seeds immersed in 25 mL of deionized water. In this context, we estimated the standardization of an electrolyte leaching test, using a smaller number of seeds and a quantity of water that favors the leachate reading without any over or underestimation of values in shorter periods of time and compatible with the routine of seed analysis laboratories.
Conclusion
The electrical conductivity test in the combination of 25 seeds using 50 mL of water in 6-hour of soaking period, as well as the combination of 50 seeds using 50 mL of water for 24 hours of soaking were efficient in stratifying chia seeds in different levels of vigor.
